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1
DEVICE AND METHOD FOR MEASURING
THE SPEED OF A HAULAGE CABLE OF A
CABLEWAY, IN PARTICULAR A CHAIRLIFT
OR A CABLE CAR

TECHNICAL FIELD OF THE INVENTION

The invention relates to the measuring of the speed of a
haulage cable of a cableway, in particular a chairlift or a cable
car.

STATE OF THE ART

Currently, the overhead cables of cableways, such as lifts of
the chairlift or cable car type, are driven by a driving pulley
actuated by a driving motor. In order to measure the cable
speed, one measures the speed of the driving pulley, or of a
roller for guiding the cable, by means of a speed sensor, such
as an encoder or a tachometer. But this measure is not precise
enough because the cable can slip on the pulley. In addition,
these sensors are prone to wear and thermal dilation. The
inaccuracy of the cable speed can lead to variations in cable
speed, in the number of hauled vehicles and to stops.

One can quote French patent FR 1 549 170 which describes
adevice for detecting marks on a steel cable, the marks on the
cable being formed by magnetized areas. But the device does
not enable to calculate the speed of a cable, this speed being
known and estimated as constant.

One can moreover quote European patent application EP O
355 994 which reveals an apparatus for measuring the speed
of a cable comprising induced electrostatic charges on the
cable surface. The apparatus comprises first and second elec-
trostatic charge sensors, each of them being adapted to gen-
erating an electric signal whose amplitude represents the
quantity of electrostatic charges on the surface. But it is not
adapted to measuring the speed of a cable coated with a
non-metallic coating.

OBIJECT OF THE INVENTION

The object of the invention is to solve these disadvantages,
and more particularly to provide a device for measuring the
speed of a haulage cable of a cableway which is sufficiently
precise and simple to use, in particular in order to transport
people with an improved safety and reliability.

According to an aspect of the invention, it is proposed a
device for measuring the speed of a haulage cable of a cable-
way, in particular a chair-lift or a cable car, the haulage cable
including marks, and the device including first and second
sensors configured to transmit respectively first and second
information signals relative to the presence of the marks, the
second sensor being located at a reference distance from the
first sensor, a first determination means configured to deter-
mine a phase shift between the first and second information
signals and a second determination means for determining a
speed information of the haulage cable from the determined
phase shift and the reference distance, characterized in that
the first and second sensors are capacitive distance sensors,
each of them being configured to transmit an information
signal relative to the distance between the marks on the haul-
age cable and said sensor.

Thus, one measures the speed as close as possible to the
cable for a better precision. Such a measuring device is simple
to use and requires few adjustments and a reduced number of
calibration steps.

The capacitive sensors have the advantage of being able to
detect the presence of any types of objects because they are
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sensitive to metals and non-metals. Such sensors are particu-
larly adapted to metal cables having a non-metallic coating.

The reference distance can be strictly lower than the small-
est distance separating two marks on the cable.

Thus, the speed measurement is not disturbed by a possible
elongation of the cable, resulting from the traction forces
applied to the cable and from temperature effects, which
could result in a lengthening of the distance between two
marks on the cable.

The cable can comprise several wires assembled so as to
form several strands, the strands being helically twined so as
to form grooves corresponding to the marks on the cable and
arranged between two successive cable strands.

The helical structure of the cable naturally forms marks
(grooves) on the cable and enables to avoid to put additional
marks on the cable.

According to another aspect of the invention, it is proposed
a method for measuring the speed of a haulage cable of a
cableway, in particular a chairlift or a cable car, the haulage
cable including marks, and the method including first and
second signalings for the presence of the marks, the second
signaling being performed at a reference distance from the
first signaling, a determination of a phase shift between the
first and second signalings and a determination of a speed
information of the haulage cable from the determined phase
shift and the reference distance, characterized in that the first
and second signalings include respectively first and second
capacitive distance sensors, each of them being configured to
transmit an information signal relative to the distance
between the marks of the haulage cable and said sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and features will more clearly arise from
the following description of particular embodiments of the
invention given as nonrestrictive examples and represented in
the annexed drawings, in which:

FIG. 1 schematically illustrates a device for measuring the
speed of a haulage cable of a cableway according to the
invention; and

FIG. 2 schematically illustrates the main steps of a method
for measuring the speed of a haulage cable of a cableway
according to the invention.

DETAILED DESCRIPTION

InFIG. 1, itis represented a device 1 for measuring a speed
information V of a haulage cable 2 of a cableway.

In a conventional way, in a lift installation, the cable 2 to
which are attached vehicles (cars, seats, funicular) transport-
ing passengers is driven by a driving pulley placed in a station
and actuated by a driving motor of an electric type, not rep-
resented here for simplification purposes. In particular, the
cable 2 is made out of metal and have a strong tensile strength.
The cable 2 can be possibly covered, partially or entirely, with
a protection coating out of a non-metallic material, for
example plastic.

The cable 2 generally comprises several helically twined
wires. A set of helically twined wires forms a strand 3, and the
cable 2 can moreover comprise several strands 3 which are
also helically twined for a better tensile strength. In FIG. 1, it
is represented a cable 2 including, for example, six helically
twined strands 3. The helically twined strands 3 form grooves
4, so that each groove 4 is located between two successive
strands 3 of the cable 2. One can note that in a helical con-
figuration, the strands 3 and the grooves 4 are located alter-
natively along the cable 2 and form marks 5 on the surface of
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the cable 2. Moreover, the cable 2 has a pitch P corresponding
to the distance between two successive marks 5 on the cable,
for example the distance between two successive grooves 4 or
between two successive strands 3. It is also represented a
longitudinal axis 6 along which the cable 2 moves forwards or
backwards.

In addition, the measuring device 1 comprises first and
second sensors 7, 8, and a measuring block 9. The measuring
block 9 includes a first determination means 10 for determin-
ing a phase shift dt between two signals and a second deter-
mination means 11 for determining the speed information V
of'the cable 2. The measuring block 9 can be, for example, a
microprocessor integrated in a computer or a programmable
automat.

In a general way, the sensors 7, 8 are presence sensors for
the marks 5 on the cable 2. The first sensor 7 transmits a first
information signal S1 relative to the presence of a mark 5 on
the cable 2 towards the first determination means 10, through
a connection 12. The second sensor 8 transmits a second
information signal S2 relative to the presence of a mark 5 on
the cable 2 towards the first determination means 10, through
a connection 13. When the cable 2 moves, the marks 5 moves
past the sensors 7, 8, thus each signal S1, S2 emitted by a
sensor 7, 8 has an amplitude which varies according to
whether the mark is detected or not by the sensor. For
example, the amplitude of the signal is maximum when the
mark is detected, and minimum when it is not. Moreover, the
second sensor 8 is located at a reference distance dx from the
first sensor 7. The first determination means 10 receives the
two signals S1 and S2 and calculates their phase shift dt,
which it transmits to the second determination means 11
through a connection 14. The second determination means 11
then determines a speed V of the cable 2, preferentially a
speed V of a longitudinal displacement of the cable 2, from
the phase shift dt and the reference distance dx. Furthermore,
the reference distance dx is strictly lower than the smallest
distance separating two marks 5 on the cable 2. Thus, for
measuring the speed V of the cable 2, it is not necessary that
the cable marks are regularly spaced on the cable 2. Accord-
ing to the embodiment illustrated in FIG. 1, the smallest
distance separating two marks 5 on the cable 2 is equal to the
pitch P of the cable 2. Moreover, the reference distance dx
remains lower than the pitch P, even in the event of an elon-
gation of the cable 2.

The phase shift dt corresponds to the time during which a
mark 5 of the cable 2, for example a groove 4, or a strand 3
covers the reference distance dx. The second determination
means 11 determines the longitudinal speed V of the cable 2
according to the following equation:

V=dx/dt

with

V: the speed of the cable 2;

dx: the reference distance between the first and second

sensors 7, 8; and

dt: the phase shift between the first and second signals S1,

S2.

Moreover, the second processing means 11 is configured to
determine the direction of displacement of the cable, for-
wards of backwards, according to the sign of the phase shift
dt.

In order to detect the passage of a mark 5 on the cable, one
can use various types of sensors. For example the sensors can
be digital or analog ones. The digital sensors transmit digital
signals S1, S2 towards the first determination means 10. In
this case, the first determination means includes synchroni-
zation means for synchronizing the signals S1, S2 so thatthey
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have the same frequency before calculating their phase shift
dt. Thus, one improves the calculation accuracy for the phase
shift between the signals S1, S2.

The sensors 7, 8 can also be analog sensors which transmit
analog signals S1, S2 towards the first determination means
10. In this case, the first determination means 10 includes
analog/digital converters for converting the first and second
analog signals into two digital signals, respectively SN1 and
SN2, and calculates the phase shift dt between the two digital
signals SN1, SN2. The analog/digital converters are prefer-
ably coupled with a clock signal generator so as to synchro-
nize the digital signals SN1, SN2. In particular, the synchro-
nization of the digital signals SN1, SN2 allows to generate
two signals SN1, SN2 having the same frequency. In FIG. 1,
it is represented the amplitudes A of these digital signals SN1,
SN2 according to time T. One can note that each digital signal
SN1, SN2 has a high level when there is a mark facing the
associated sensor, and a low level otherwise.

According to a preferred embodiment, the sensors 7, 8 are
inductive analog distance sensors. For example, the cable 2 is
metallic and the sensors 7, 8 are inductive analog distance
sensors of the eddy current type. In this case, the sensors 7, 8
produce an oscillating electromagnetic field, and the field is
attenuated when penetrated by the metal surface of the cable
2. The presence information signal delivered by the sensors 7,
8 can be an electric voltage whose value varies according to
the relative position of the mark 5 with respect to the sensor,
i.e. according to the distance of the surface of the mark 5 from
the sensor 7, 8. In addition, such sensors 7, 8 are contactless
because the interaction between the cable and the sensor is
performed via the oscillating electromagnetic field. The ana-
log sensor delivers a signal which has a high level when the
cable is close to the sensor, and a low level otherwise. Advan-
tageously, such sensors 7, 8 are able to detect the presence of
any metal object and are particularly adapted to haulage
cables 2 of a cableway which have helically twined strands 3.
In a variant, additional metal marks can be placed on the
surface of the cable 2, which are different from the grooves 4
or strands 3.

According to another embodiment, the cable 2 is ferromag-
netic and the sensors 7, 8 are inductive analog distance sen-
sors having a variable reluctance. The unit formed by the
sensor 7, 8 and the cable 2 forms a magnetic circuit, and the
distance between the surface of the cable 2 and the sensor 7,
8 determines the reluctance of the magnetic circuit. In this
case, the signals delivered also have levels which vary accord-
ing to the distance between the surface of the ferromagnetic
marks 5 of the cable 2 and the sensor 7, 8.

According to another embodiment, the sensors 7, 8 are
capacitive analog distance sensors. The measuring head of
such sensors is formed of a cylindrical conductor and a metal
envelope forming a condenser having a reference capacity.
When the marks 5 of the cable 2 approach the end of the head
of'the sensors 7, 8, the reference capacity varies and the signal
delivered by the sensor decreases. Such sensors are particu-
larly adapted to the measuring of the speed of a cable coated
with a non-metallic coating, for example a plastic coating. In
this embodiment, the marks can be pins located at the surface
of the coating. It is not either necessary to space the marks
regularly on the surface of the cable 2.

According to still another embodiment, the sensors 7, 8 can
be image acquiring systems, for example miniaturized digital
cameras, configured to capture images of the surface of the
cable 2. In this embodiment, the measuring device 1 com-
prises at least one lighting system 15, 16 associated with the
two sensors 7, 8, or one lighting system per sensor. The
lighting systems 15, 16 are controlled by control means 17,
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preferably included in the measuring block 9. Each lighting
system 15, 16 can include one or more electroluminescent
diodes for lighting a surface of the cable 2 in orderto allow the
sensors 7, 8 to acquire images of the surface and to transmit
them, through first and second digital or analog signals S1,
S2, to the first determination means 10. The first determina-
tion means 10 moreover comprises processing means for
digital images, for example a digital signal processor pro-
vided with software tools for the recognition of objects within
an image. The image processing means recognize the pres-
ence or not of the marks 5 in the image and generate two
digital signals, respectively SN1, SN2, having a high level,
when the mark is recognized in the image, and a low level
otherwise. In this embodiment, the marks can be a mark
placed on the surface of the cable 2, for example a mark made
by means of a reflective painting.

One can advantageously use two sensors 7, 8 of the same
type, for a better measuring accuracy. One can also use a
combination of sensors of different types.

In FIG. 2, it is represented the main steps of a method for
measuring the speed of a haulage cable of a cableway. This
method can be implemented by the measuring device 1
defined above. The cable has marks, for example grooves
separating two successive strands of the cable, or others. The
method includes a first step E1 in which a first signaling is
performed for signaling the presence of the marks on the
cable at a first point of passage of the cable, then a second step
E2 in which a second signaling is performed for signaling the
presence of the marks on the cable at a second point of
passage of the cable distant by a reference distance dx from
the first point of passage. Then one determines in a third step
E3 a phase shift between the two preceding signalings, and
one determines in a fourth step E4 a piece of information
relative to the speed V of the cable from the determined phase
shift and the reference distance.

The invention claimed is:

1. A device for measuring a speed of a haulage cable of a
cableway, the haulage cable comprising a plurality of wires
assembled so as to form a plurality of strands, the strands
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being helically twined so as to form grooves on the haulage
cable and arranged between two successive strands of the
haulage cable, and the device including:

first and second capacitive distance sensors configured to
transmit respectively first and second information sig-
nals relative to the distance between the grooves on the
haulage cable and the first and second sensors, the sec-
ond sensor being located at a reference distance from the
first sensor,

a first determination device configured to determine a
phase shift between the first and second information
signals and

a second determination device for determining a speed
information of the haulage cable from the determined
phase shift and the reference distance.

2. The device according to claim 1, wherein the reference
distance is strictly lower than a smallest distance separating
two grooves on the haulage cable.

3. A method for measuring a speed of a haulage cable of a
cableway, the haulage cable comprising a plurality of wires
assembled so as to form several strands, the strands being
helically twined so as to form grooves on the haulage cable
and arranged between two successive strands of the haulage
cable, the method including:

first and second signalings including respectively first and
second capacitive distance sensors configured to trans-
mit an information signal relative to the distance
between the grooves on the haulage cable and the first
and second sensors, the second signaling being per-
formed at a reference distance from the first signaling,

a determination of a phase shift between the first and sec-
ond signalings and

a determination ofa speed information of the haulage cable
from the determined phase shift and the reference dis-
tance.



